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The  research  project  was  undertaken  to  determine  what,  if  any,  are  the 
principal  factors  in  the  diet  which  may  induce  and/or  aggravate  cardiovas¬ 
cular  stress  during  refeeding  following  starvation.  This  report  is  concern¬ 
ed  with  the  responses  of  young  adult  swine  to  a  second  long-term  starvation 
episode  and  refeeding,  initially  with  either  pure  glucose  or  pure  corn  oil 
and  subsequently  with  diets  high  in  content  of  either  glucose  or  corn  oil. 

* 

EXPERIMENTAL 


In  a  planned  series  of  long-term  starvation- refeeding  episodes,  the  four 
young  swine  described  in  a  previous  report  (Smith  and  Johnson,  I960)  were 
subjected  to  the  second  episode.  The  various  phases  of  experimentation 
which  have  been  undergone  by  the  animals  to  date  are  summarized  as 
follows: 

1)  preliminary  adjustment  and  training  period  (30  days); 

2)  initial  "control"  period,  Diet  160  at  maintenance  level  (20  days); 

3)  Diet  160  at  maintenance  (2  pigs)  versus  2  x  maintenance  (2  pigs), 

(10  days); 

4)  Diet  160  at  3  x  maintenance,  all  animals  (5  days); 

5)  Starvation  (28  days); 

6)  refeeding  with  pure  glucose  (3  kg)  versus  pure  starch  (3  kg)  (1  day); 

7)  refeeding  with  diets  high  in  glucose  versus  starch  (1  kg  Diet  160  + 

1  kg  glucose  or  starch)  (28  days); 

8)  Diet  160  at  approximately  2  x  maintenance  (2.  3  kg)  (30  days); 

9)  Starvation  (40  days); 

10)  refeeding  w}th  pure  glucose  (3  kg)  versus  com  oil  (J.  5  kg  +  1.  5  kg 
cellulose)  (1  day); 

11)  refeeding  with  diets  high  in  glucose  versus  corn  oil  (1.  5  kg  Diet 
160  +  1  kg  glucose  or  6.  75  kg  corn  oil)  (28  days); 

*  Effects  of  long-term  starvation- refeeding  episodes.  > 


12)  Diet  160  at  level  slightly  above  maintenance  (30  days); 

13)  Diet  160  at  2  x  maintenance  (10  days). 


RESULTS  AND  DISCUSSION 


Responses  observed  during  phases  1  through  7  were  reported  in  the 
previous  report  (Smith  and  Johnson,  I960);  however  they  are  considered 
generally  in  the  present  report  as  a  means  of  preserving  continuity  in  dis¬ 
cussion  of  this  study  and  in  order  to  facilitate  interpretation  of  the  data. 

It  should  be  noted  that  phases  3  and  4  were  described  erroneously  in  this 
report,  although  the  results  and  the  inferences  drawn  were  in  no  way  handi¬ 
capped  by  the  error.  The  heart  rate  and  blood  pressure  data  for  individual 
animals  in  phases  2  through  13  are  summarized  in  Tables  I  -  IV.  The 
values  reported  are  means  and  standard  deviations  of  responses  during 
increments  (usually  10  days  each)  of  each  phase.  A  summary  of  the  aver¬ 
ages  and  standard  deviations  of  responses  by  all  animals  is  shown  in 
Figure  1.  A  summary  of  body  weight  data  is  shown  in  Table  V. 

During  the  30-day  period  in  which  Diet  160  was  fed  following  the  first 
episode  (i.  e.  ,  phase  8)  the  animals  gained  approximately  50  pounds.  This 
gain  of  approximately  1.  6  pounds  per  day,  though  high  for  growing  pigs  of 
the  age  (8  months)  and  size  (175  pounds)  involved,  was  apparently  a  re¬ 
flection  primarily  of  "growth"  rather  than  "fattening,  "  since  the  general 
appearance  of  the  animals  indicated  no  appreciable  degree  of  "fattening! ." 
As  indicated  in  Table  I,  the  heart  rates  were  reduced  below  the  level  pre¬ 
viously  encountered  in  phase  6,  but  remained  above  the  initial  control  level 
as  seen  in  phases  2,  3  and  4.  The  abrupt  decrease  in  heart  rates  which 
occurred  as  the  result  of  feeding  Diet  160  in  phase  8  is  unexplained  at  the 
present  time,  since  the  caloric  intake  level  was  not  greatly  changed.  In 
phase  7  the  daily  ration  was  1  kg  of  Diet  160  plus  1  kg  of  either  glucose  or 
starch,  whereas  in  phase  8  the  ration  was  2.  3  to  2.  5  kg  of  Diet  160.  A 
notable  influence  of  diet  upon  the  blood  pressure  is  also  revealed  (Fig.  1) 
in  the  blood  pressure  changes  which  occurred  from  phase  7  to  phase  8. 

The  response  in  phase  8  was  similar  in  all  pigs,  indicating  no  differences 
as  the  result  of  glucose  versus  starch  in  phase  7.  During  phase  8  blood 
pressures  increased  steadily,  reaching  hypertensive  (i.  e. ,  above  160  mm 
Hg)  levels  in  the  case  of  pig  1  and  bordering  on  hypertension  in  the  cases 
of  pigs  2  and  4  (see  Table  II).  Electrocardiographic  observations  during 
the  "control"  period  (phase  8)  revealed  no  notable  pattern  changes. 

In  the  starvation  phase  of  episode  2  (phase  9)  heart  rates  returned 
promptly  to  the  level  observed  during  the  latter  part  of  the  first  starvation 
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period.  In  two: of  the  pigs  which  had  exhibited  sinus  arrhythmia  previously, 
the  arrhythemia  became  more  pronounced  during  starvation;  however,  no 
electrocardiographic  evidence  of  heart  block  (  such  as  had  been  observed  in 
one  pig  studied  previously)  was  seen.  Non-specific  T-wave  inversions  and 
alterations,  similar  to  those  previously  reported  in  conjunction  with  starva¬ 
tion,  were  observed  in  all  pigs.  Blood  pressures,  both  systolic  and  dias¬ 
tolic,  continued  to  rise  throughout  the  starvation  period,  a  result  in  contrast 
to  the  findings  in  the  first  starvation  period  (see  Fig.  1).  A  similar  increase 
in  diastolic  pressures  during  starvation  was  Seen  previously;  however,  the 
rise  was  of  lesser  magnitude  and  was  not  compensated  by  systolic  elevation. 
At  the  end  of  the  second  starvation  period  all  four  pigs  were  hyperfe&MMtf^ 
(systolic  pressures  in  excess  of  160  mm  Hg).  Body  weights  decreased 
during  the  40-day  starvation  period  from  approximately  220  pounds  to 
approximately  175  pounds,  a  loss  of  about  19  to  20%. 

Following  starvation,  pigs  1  and  3  received  3  kg  of  pure  glucose  in  a 
single  meal,  whereas  pigs  2  and  4  received  1.  5  kg  corn  oil  mixed  with 
1.  5  kg  purified  cellulose.  In  the  previous  episode  pigs  1  and  2  had  received 
glucose,  while  3  and  4  received  starch.  Distress  symptoms,  as  described 
in  previous  reports,  were  seen  in  pigs  1  and  3  within  two  to  three  hours 
after  consumption  of  the  glucose.  Pig  4  also  exhibited  symptoms  of  mild 
distress,  with  some  diarrhea  and  subsequent  tremors.  Pig  1*  which  had 
registered  "heart  failure"  in  the  previous  episode,  consumed  the  meal 
very  slowly,  yet  exhibited  some  evidence  of  distress  in  the  form  of  tremors. 
fPig  3,  which  consumed  the  glucose  meal  most  readily,  exhibited  a  pattern 
of  fevagtlycardia  (as  contrasted  to  tachycardia,which  is  generally  encountered 
in  glucose  refeeding)  and  marked  arrhythmia  (rates  55  to  85  beats  per 
minute)  seven  hours  following  consumption  of  the  meal.  Heart  rates  during 
the  first  ten  days  of  refeeding  (see  Table  I)  were  increased  by  the  glucose 
diet  more  than  by  the  corn  oil  diet.  The  difference  in  diet  effects  upon 
heart  rate  had  disappeared  by  the  third  10-day  refeeding  period,  and  rates 
were  elevated  in  all  animals.  Blood  pressures  were  lowered  slightly  from 
starvation  levels  during  the  first  ten  days  of  refeeding,  but  remained  within 
hypertensive  ranges  and  gradually  returned  to  the  level  reached  at  the  end 
of  starvation.  It  was  observed  that,  although  the  actual  ranges  of  systolic 
and  diastolic  pressures  were  not  greatly  changed  during  refeeding,  the 
"strength  of  the  heart  sounds"  was  greatly  increased.  Both  pig  1  and  pig  3 
(on  the  glucose  diet)  exhibited  flushing  of  the  skin  and  slight  edema,  similar 
to  the  symptoms  seen  in  the  first  episode.  In  the  case  of  pig  1  a  heart 
"murmur"  developed  which  has  persisted  to  date,  being  more  noticeable 
when  the  systolic  pressure  is  high. 

In  phase  i2,  Diet  160  was  fed  at  the  rate  of  1.  6  kg  per  day  (slightly  in 
excess  of  the  requirement  for  weight  maintenance),  replacing  the  experi¬ 
mental  diets  of  Diet  160  (1.  5  kg)  plus  glucose  (1.  5  kg)  or  corn  oil  (0.  75  kg). 
Heart  rates  were  decreased,  but  blood  pressures  were  not  greatly  affected 
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except  for  increased  variation  in  systolic  pressure  during  the  first  ten  days 
of  the  phase.  Electrocardiograms  showed  no  striking  pattern  changes; 
however,  pig  2  (which  had  previously  registered  nheart  failureM)  exhibited 
short  intervals  of  mild  tachycardia  following  the  first  meal  of  Diet  160  plus 
corn  oil.  In  these  instances  the  heart  rate  increased  from  80  to  110  beats 
per  r  minute  in  a  matter  of  a  few  seconds,  continued  at  the  increased  rate 
for  30  to  40  seconds,  and  then  returned  to  the  range  of  80  beats  per  minute. 

When  the  daily  intake  of  Diet  160  was  doubled  (phase  13),  heart  rates  were 
promptly  elevated.  This  response  is  in  contrast  to  the  response  elicited 
(phase  4)  by  increased  feed  intake  prior  to  the  first  starvation  episode.  The 
blood  pressure  response  resembled  that  observed  in  phase  4  (see  Fig.  1)  but 
was  much  more  pronounced,  resulting  not  only  in  extremely  high  systolic 
pressures  but  in  very  high  pulse  pressures  as  well  (see  also  Table  IV, 
especially  pjrg  3).  Electrocardiographic  patterns  during  this  phase  revealed 
only  T-wave  inversions  and  slight  changes  in  the  depth  of  the  S-wave,  which 
are  not  considered  of  significance.  Heart  "murmurs"  were  heard  in  the 
cases  of  pigs  1,  3  and  4  during  this  period. 

These  observations  tend  to  confirm  earlier  findings  which  suggested  that 
starvation- ref eeding  stresses  result  in  irreversible  changes  in  the  cardio¬ 
vascular  system.  These  changes  become  evident  in  the  responses  to  sub¬ 
sequent  starvation- refeeding  episodes.  Although  "stress”  was  elicited  by 
both  glucose  and  corn  oil  in  the  second  episode,  the  stress  which  accompanied 
refeeding  with  the  torn  oil  diet  was  of  considerably  less  severity  and  may 
possibly  have  been  due  to  the  components  of  Diet  160  which  were  included. 
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TABLE  I 


Summary  of  Heart  Rate  Data 


Treatment 

Phase 

No.  of 
days 

1 

Animal  Number 

2  3  4  Average 

Initial  Control  Period: 

2) 

1-10 

77±6 

74±5 

80±3 

75±5 

77±3 

II  II 

2) 

11-20 

81±2 

76±1 

79±2 

79±3 

79±1 

If  111 

It 

3) 

2!;30 

81±2 

75±2 

76±2 

79±3 

78±3 

Itl  1  1 

II 

4) 

31-35 

78±3 

77±3 

80±3 

77±2 

78±3 

Starvation: 

5) 

1-10 

74±1 

71±1 

73±0 

73±0 

72±1 

ti 

5) 

11-20 

69±2 

66±3 

69±3 

67±1 

68±2 

1 1 

5) 

21-28 

61±6 

60±6 

56±10  58±7 

59±6 

glucose 

starch 

Refeeding, 

Exp. 

Diets: 

6-7) 

L- 10 

92±15 

142±20 

1 10±23  87±12 

108±1' 

1 1 

.11 

11 

7) 

11-20 

1 1 3±13 

1 37±6 

129±13  91±1;1 

1 18±1 1 

ii 

11 

11 

7) 

21-30 

1 14±8 

136±6 

100±14 

88±9 

109±9 

Refeeding: 

Diet  160 

8) 

1-10 

96±8 

94±21 

84±5 

86±5 

90±6 

1 1 

If 

M 

8) 

11-20 

(not  recorded) 

t  r 

II 

It 

8) 

21-30 

108±15 

88±7 

93±6 

92±4 

95±8 

n 

II 

1 1 

8) 

31*37 

97±5 

91±9 

90±4 

9 1±4 

92±6 

Starvation: 

9) 

1-10 

62±5 

62±6 

62±2 

65±2 

64±4 

M 

9) 

11-20 

60±2 

60±3 

60±1 

62  ±2 

60±2 

It 

9) 

21-30 

69±11 

66±5 

6 1±3 

60=fc6 

64±6 

It 

9) 

31-40 

63±5 

57±4 

56±3 

52±6 

57±4 

glucose  corn  oil 

glucose 

:  corn  oil 

Refeeding, 

Exp. 

Diets: 

10-11) 

1-10 

96±27 

79±14 

94±22  78±9 

87±9 

It 

11 

II 

11) 

11-20 

107±17 

98±10 

102±10  84±6 

98±1 3 

II 

II 

II 

ID 

21-30 

94±3 

1 14±4 

1 24dfc7 

102±1 1 

108±7 

Refeeding: 

Diet  160 

12) 

1-10 

75±4 

75±5 

83±7 

74±9 

77±6 

II 

II 

II 

12) 

11-20 

69±6 

74±4 

74±4 

75^6 

73±4 

If 

II 

II 

12) 

21-30 

66±2 

69±5 

68±2 

b8±5 

68±3 

Diet  160  at  (2  x 

M) 

13) 

1-10 

95±13 

101±21 

99±15 

1 1 0±1 4 

101±] 

5 


TABLE  II 


Summary  of  Systolic  Pressure  Data 


Treatment 

Phase 

No.  of 
days 

1 

Animal  Number 

2  3 

4 

Average 

Initial  Control  Period: 

2) 

1-10 

149*6 

141±4 

128*7 

149*6 

142*5 

II  II 

II 

2) 

11-20 

146*3 

139*5 

130*13 

139*4 

138*3 

II  II 

It 

3) 

21-30 

144±6 

131*5 

122*8 

137*7 

133*3 

II  II 

ft 

4) 

31-35 

142*9 

134*6 

130*15 

137*9 

136*9 

Starvation: 

5) 

1-10 

121*10 

113*10 

115*10 

117*9 

116*5 

M 

5) 

11-20 

1 14*4 

105*5 

110*5 

107*5 

109*5 

II 

5) 

21-30 

105±2 

102±1 

104*3 

104*2 

104*2 

glucose 

starch 

Refeeding,  Exp. 

Diets: 

6-7) 

1-10 

127*12 

129*12 

137±U 

131*16 

131*12 

M  It 

it 

7) 

11-20 

131*8 

145*5 

134*13 

127*9 

135*7 

II  It 

it 

7) 

21-30 

135*9 

143*8 

127*10 

133*12 

135*9 

Refeeding:  Diet  160 

8) 

1-10 

142±1 1 

136*9 

139*9 

144*6 

140*8 

It  It 

it 

8) 

11-20 

150*1 1 

145*11 

134*11 

138*7 

142*10 

It  It 

tt 

8) 

2  lk  30 

161±15 

144*9 

126*5 

143*10 

144*10 

II  II 

it 

8) 

31-37 

173*16 

149*7 

129*5 

151*7 

150*10 

Starvation: 

9) 

1-10 

158*5 

151*14 

148*10 

157*10 

154*10 

It 

9) 

11-20 

170*8 

176*8 

164*9 

167*9 

169*8 

H:t 

9) 

21-30 

190*14 

168*12 

168*12 

157*8 

171*11 

ti 

9) 

31-40 

182*13 

172*10 

168*12 

154±5 

169*9 

glucose 

corn  oil 

glucose 

corn  oil 

Refeeding,  Exp. 

Diets: 

10-11) 

1-10 

178*13 

170*6 

147*13 

153*12 

162*11 

ii  it 

It 

11) 

11-20 

181*11 

174*8 

150*6 

166*11 

168*10 

ii  n 

It 

11) 

21-30 

185±14 

172*10 

164*13 

165*15 

172*12 

Rcfeeding  Diet  160 

12) 

1-10 

172*15 

176*24 

172*20 

168*10 

173*19 

II  II 

It 

12) 

11-20 

175*9 

172±5 

165*10 

167*5 

170*7 

II  II 

tt 

12) 

21-30 

188*9 

161*4 

156*4 

168*4 

168*13 

Diet  160  at  (2xM) 

13) 

1-10 

180*18 

166*16 

203*28 

172*9 

180*23 
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TABLE  Ht 


Summary  of  Diastolic  Pressure  Data 


Treatment 

Phase 

No.  of 
days 

1 

Animal  Number 

2  3 

4 

Average 

Initial  Control  Period: 

2) 

1-10 

11544 

11045 

8947 

112410 

10645 

m 

f  1 

II 

2) 

11-20 

11346 

110413 

99416 

10045 

10344 

ti 

It 

II 

3) 

21-30 

11346 

10846 

93410 

100412 

10346 

ti 

II 

II 

4) 

31-35 

11148 

10146 

98416 

9241 

10049 

Starvation: 

5) 

1-10 

95410 

8544 

8444 

8645 

8843 

m 

5) 

11-20 

8645 

8544 

8844 

8442 

8644 

it 

5) 

21-30 

8545 

8442 

8343 

8241 

8343 

glucose 

starch 

Refeeding, 

Exp. 

Diets: 

6-7' 

1-10 

7345 

7248 

74412 

66410 

7147 

it 

II 

it  ' 

7) 

11-20 

7347 

7644 

7646 

7247 

74±6 

it 

II 

t  it 

7) 

21-30 

7446 

7747 

7048 

7544 

7446 

Refeeding: 

Diet  160 

ii 

ft 

ii 

8) 

1-10 

9948 

94412 

90413 

99417 

95412 

it 

II 

m 

8) 

11-20 

114410 

112412 

10149 

104410 

108410 

it 

II 

ii 

8) 

21-30 

124411 

11248 

9546 

10848 

11048 

it 

II 

ti 

8) 

31-37 

131414 

11346 

9446 

11548 

11349 

Starvation: 

9) 

1-10 

12943 

122413 

117410 

127413 

124411 

II 

9) 

11-20 

13748 

14548 

13449 

134410 

13849 

II 

9) 

21-30 

157412 

138410 

137410 

12547 

13949 

It 

9) 

31-40 

15547 

148411 

143419 

132410 

144413 

glucose 

corn  oil 

glucose 

corn  oil 

Refeeding, 

Exp. 

Diets: 

10-11) 

1-10 

13948 

13747 

113411 

11747 

12749 

tt 

II 

ii 

11) 

11-20 

141410 

13947 

117410 

132413 

132410 

it 

It 

ii 

11) 

21- 3D 

144413 

135413 

128418 

128422 

134416 

Refeeding: 

Diet  160 

12) 

1-10 

133413 

127416 

126410 

12946 

129412 

ti 

II 

ii 

12) 

11-20 

13548 

13448 

12948 

12947 

13248 

ti 

II 

it 

12) 

21-30 

14849 

12545 

11945 

13045 

131413 

Diet  160  at  (2  x 

M) 

13) 

1-10 

144416 

112423 

109426 

116415 

11548 
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TABLE  IV 


Summary  of  Pulse  Pressure  Dat4 


No.  of 

Animal  Number 

Treatment 

Phase 

days  1 

2  3 

4 

Average 

Initial  Control  Period: 

2) 

1-10 

38±4 

31*1 

39*1 

38*1 

37*3 

II  It 

It 

2) 

11-20 

33*5 

39*11 

31*12 

39*5 

35*2 

It  II 

II 

3) 

21-30 

31*7 

24*6 

29*7 

37*3 

31*5 

II  II 

II 

4) 

31-35 

31*5 

!•  33*7 

32*6 

45*6 

36*5 

m 

Starvation: 

5) 

1-10 

26*4 

28*9 

31*13 

} 31*12 

29*5 

It 

5) 

11-20 

28*6 

21*5 

23*6 

24*6 

24*5 

It 

5) 

21-30 

20*4 

19*2 

21*3 

22*3 

21*3 

glucose 

starch 

Refeeding,  Exp. 

Dieter 

-  '.^•7) 

1-10 

54*12 

57*15 

63*15 

65*25 

60*17 

1i  It 

II 

7) 

11-20 

58*10 

70*5 

58*12 

58*15 

61*10 

It  II 

If 

7) 

21-30 

64*14 

66±8 

55*12 

59*14 

61*11 

Refeeding:  Diet  160 

8) 

1-10 

43;  > 

42*16 

51*14 

44*15 

45*15 

II  ft 

It 

8) 

11-20 

37*4 

:  3/3*4 

33*5 

34*6 

34*5 

H  II 

It 

8) 

21-30 

37*7 

32*3 

30*2 

34*4 

33*4 

It  ft 

II 

8) 

31-37 

42*3 

36*2 

35*3 

38*6 

38*4 

Starvation: 

9) 

1-10 

29*1 

30*2 

30*1 

33*1 

30*1 

It 

9) 

11-20 

33*2 

30*3 

30*2 

33*2 

32*2 

It 

9) 

21-30 

33*3 

30*2 

31*3 

32*2 

32*3 

It 

9) 

31-40 

27*3 

28*3 

29*2 

26*3 

28*3 

glucose 

corn  oil 

glucose 

corn  oil 

Refeeding,  Exp. 

Diets 

10-11) 

1-10 

40*7 

34*4 

34*5 

36±6 

36*6 

it  rt 

If 

11) 

11-20 

40*4 

35*5 

36*3 

38*2 

37*3 

it  it 

II 

ID 

21-30 

40*7 

42*7 

40*4 

42*5 

41*5 

Refeeding:  Diet  160 

12) 

1-10 

39*5 

49*13 

44*16 

40*4 

43*3 

It  II 

If 

12) 

11-20 

41*4 

38*3 

37*2 

37*3 

38*3 

It  It 

ft 

12) 

21-30 

39*3 

37*1 

37*1 

37*1 

37*1 

Diet  160  at  (2  x 

M) 

13) 

1-10 

56*19 

54*11 

95*39 

56*12 

65*28 
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TABLE  V 


Summary  of  Animal  Weights  Data 


Date 


Treatment  Phase 


Average  Body  Weight 


j 


5/9/60 

Start  training  period 

109  ± 

6/13/60 

Start  initial  control  period 

145  ± 

7/8/60 

End  initial  control  period 

143  ± 

7/44/60 

2nd  day  starvation 

150  ± 

8/9/60 

28th  day  starvation 

127  ± 

8/16/60 

Refeeding,  7th  day  (Exp.  diet) 

143  ± 

9/12/60 

"  34th  day  (start  Diet  160) 

174  ± 

10/10/60 

"  62nd  day  (Diet  16  0) 

220  ± 

10/17/60 

Starvation,  2nd  day 

221  ± 

11/21/60 

"  37th  day 

177  ± 

11/28/60 

Refeeding,  4th  day  (Exp.  diet) 

178  ± 

12/21/60 

"  27th  day  (Exp.  diet) 

234  ± 

1/23/61 

Refeeding,  59th  day  (Diet  160) 

251  ± 

2/1/61 

"  68th  day  (Diet  160) 

266  ± 

9 

7 
1 

8 

5  (-15%) 
3 

10 
10 
10 

8  (-19%) 
7 

7 
5 

8 
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*-000  PRESSURE,  mm  Mg  m  HEART  RATE,  BEATS /MIN 


HEART  RATE  AND  BLOOD  PRESSURE  DATA 
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